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ALLTRACT

Tnis resvarc s cnve s cn T aon ity of compunen e,
Dotn programmers Gndg Nons L rcrust T o S L, Lo Sohecify crooiom
solutions in tne form oF CxXamoic—u e ions . TS ablilly wWa: CVawuatod
as a funclion of tNe CoMpexily 7 (o0 8 Zos50r, 1.0, 170 wured
of generalization of (e wsee npul, Lo complexity OF tho crdoiem, and
ne complexity of tne focuoaiw=aidan,. A0 experimaonia. e~ oir-
ployed in tnls study roguircd e woccif.cation of a lonic Tor tne
formation of a naval task-rorce. T e serformance ocin of sro-
grammers and NoN=prograntmese SeCreased WILn INCreasing i vein
of problem—-complexity and Wil reaucCed DrocebSs0m-Suppor.. ~or

boih tne groups, errc s-of-CcommisiLion waere relatively i reguert
compared to errors—oi—omission. T was found that the degree of
processor—-complexily was much more influc- .ial than probiem-
complexity in predicting performance scores. When little com-
puter generalization of uscr—inpul was provided, performance was
significantly lower tnan during all oiner experimental conditions.
Results also showed tnat paruic:ipant-sirategy in the generation of
problem solutions was a significant factor 1n performance, thougn
years-of-experience and years—-of-cducation were not found to be
good predictors of performance. 7 ne fecedback=-aids were shown
to be most effective when they includca tne logic implied by tme
example-solutions. Fese exporiments cemonstrate the effective-—
ness of the on-line use of computcr software Lo create and modify
software routines.
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LTS OLUCTION

T e T menort on Contract NO0014-79~-C-0730,
AVomig Ut N e NN T =10 hewween Performance Vieasurement
Sooowate s e and s Toncincering Foyehology Group, Office
CUN T s e T e contract was imatated on 1 Sept 1979 and

T cenearT Y Mives Uhaated the canability of programmers
A em=et e s e o s e Sy oroblem solutions by developing
Choee eSOl TONT 0 0 DY Weinng computer programs; each
o oo thication v e cwecorreelished At various levels of
arvcadlerr=moonalexity. Toc Tevel of iticulty of each problem was
Setloested Dy Lo num e oF stens needed by the user to develop
Aetetten N Go e peos e of T user=inputs permitted
CAaeesence st e dovelone 3 about Che dlaomdims reauired to solve
Ao e e, e miterative feeddback of nNrocessing

S T L s o u e e e e detiinraion of the desired solu-

SUUN ORDer Y enNts were conduadted, with the same problems

. : .
I A SeoabTue O e Dart oo

Sovietony oxor o le—n Tl rons was ovaluated st a function of the

-

.
ooyttt oacik oan oandd expertonce, e complextty of the
crecter o e selved, e Tovel of orocessang vrovided oy the

oo and ton Tov el of Yoodbacik=atds, when ardss were available.

Ve Sl o menorts weee dcblishied and throe paners

WA e e s ey i e oo et and results obtatned.,
G oot e trenn1ed by Lo T of tochinical reoorts
. e ooy OF s renort,

Meesaents Tand 2 o woere destened to mvesticate the

Caluy o exere s Do e ummerrs and of hooakeenoers S accoaniants

VO L e Y N Y O e mIMIe ey Lo Jove oD exanmile=notaiions

Ve vorrv et ol Ny asik=orce oroblem .y The exnertmental
Voorseor e res s e oty et were problom=comntox iy and
ey O SO Toxe Ty L T, The amount 00 machine procossing
'-.“‘ . Py e e .

Py Tand < were desitoned Lo investigate the

ALy o exenert Deo e rnmiens and non=oroarammers Lo develop
wosrase and comelese cxample=solutions using various feedback=

AL
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AudE at various levels of problom—cor o iow s o 7T o0 e e wmma
JESTONS WOre DABeG ON N POesUWG s O o Tt L o
(A0 Ly ioMatic goenerailon Of Oxaim™iiie= o Ll o0 L Tt
a combinational=-meoesare, Had Goes DN IO e e, :
Wil Dorformance (oxpiaining ol o I SRR .
EXporiment Do was Gonae e 0 e .
OF CRDONT Prodracmnator 1O roV e vt = 0 ! L
L0 TONMY OF examyp e e=aolueiions oo T IR .
GIWONTOST ONESIOS T T OUen AT O o , - N

(ST SR AT T T i E G T

Fanaily, coxorimiont oocanne . e A
L0 GOVOION COMpPuUte:r Sode weriiien ot T - U S
LOVOIS OF G 10 mal = Q Jdostan Ble e wr e cToe
Jdosian of Expertiment 1, 70 st L L T U

Sud=routines wrtlten in FCRTRAN IV 0w 0 00~ s,
a s7p combination, as thal Ccombinaiie™ . - o0~ Sl o e

Tne performance Measurcs o da 10 0 e wnTs LT -
SISted OF error—moasures AN SLealos o =m0 00n S0, L TS o=
MEeasSures were:

a. P

LR probadititly Wl G Giver o =0T o e
( ~ ’ - -
was correctly Classiiiiou Qo GOTe e G LT o e

—_ 3

b. PC, the propability LAl G COMmres. o =00 “mo it

was accepicd.

c, P__, the prodability hal an ticorrect oo —c o™ ot

atton was rajectod.

In addition to the ortor—moa Girc.a Giove, me Ll T
crror-measures were used. A rolalive crror—mieanan e WL
defined as a participant's crror—score (2 _, 0, 0 or

{ N

. . ‘ LN
an experimental problem minus N /o Crror=.core 0N Lae SAe-

S

test problem. The roelative Crror—=moeasurcs LRus Lomuee. Lo e —
move the effect of the participant’s iminaae canaoniithy, ana, Lo
result, were more scensitive to exparimiont Tasiors Y0 Were e

error-measures alone.
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TWO L Iraloay=nreasuarCs WO oo . oo G el N
WD WRLICH participanis dood ool ~uiria o s e el s =t -
SUCE, the COMDINAtIONGI=MOG LU, Jeley T 0l 100 7 emr s T T
A PArTISANt CHANaCG onty One TOMPYONCST L G ithe ul L T V2
CXAMDIC=LHOULION . ANOLTUE S lruit Gy =m0 0 Gy v T T T e Lt
JoteCiod U Use—patleo-nn OF TR0 VArTton: o G50 AT .
B U N SEPRU S N

RN T AT S [t T,
R O L T N A AN e NN - -
e s AO S0 e e e - . I N
O S A A ™ T S O [ ST R N . \ L, G
CANOLL T U WA Lr ey e, Ot L e
R -~ . . ~ N . R
Frroson L orn Somnlea s et e O

Frst, Qn CRDOSWSd, MOrC et Gl st Lt .
WOrK CN L0 MOre COSNIeX o toaloTT N T
Processing, Or JONerAalLiaticm, O Lo Ccxanm™ioie~—on e T L v
Lo Do an Important error—>rcadad G Talior, 1.0, a caias oo

roduction N errors OSCUNPTOU WINOE Uala Trom OXANTA o= el
were processced into a standard Tornt Gnd Prascniod 1O L0 Dari o

pant.

Syatoematiac Strategios and reodbarik-Avas

A second rosult, ANd pPerna)s e MO:G TRTDe LA, W
that participants 1n DOLY CAlegorivs W0 POriorn T edd WoLl Lomie.,
to use a systoematic, Stop=DbDy—&iep H1Aaloay 1IN LOIOSHINT Oxetii e
solutions. This result, together wilh Uhe Tirst, noted arove,
suggested that feedback—aids Mgt be deciomed 1o enconrase
participants to use systematic Liratodgion, oy Procae s g en
example—-solutions and then feeding vack tne resuliant daia (o
suggest possible additional inputs.,

Breadth vs. Depth of Experience

A third resull of the first two oxocrminienis anniieag Lo
the subseguent exportments was tRal (e teanDoer O oo™ - advanc e
cducation (i.e., boyond high scinootl) and e nunioer of year:.
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of professional experience were {Gurm. L0 v wmar =y o Lol L
In predicting performance. As a3 Con wlouermis €8 T L o s
additional demographic faciors Wore (valo sl s o C e L e il
N the subseguent experiments, M an o 0S 1O rev Tt 0T
predictors of performancc.
‘s

i_ow Freguency of Errors=of-Con - 1

The fourtn resull appilicd L0 U5 s wiia Tl e L ST T e
the observation that only a fow Crror . —cT=corm 0 v oL o~ e
Jduring the generation of 10 oxamio— o« 0 o, Tme mm s
errors that did occur were crrare—or—o "1 wen, 0T Lma o
result Influenced the design of Experim = ) W~ 027700
code w.is wrttten to solve the ame e s Tl L T L Ao e H
1, 50 that a comparison of crror=r. .. Aoca 0 TGl . t

Zxpomims -

Feedback-Alds

Three aids were GoveiGic.., o 0 5 0w (L T
selection logic (SSL) implicu Oy Loe Sonio ot s oxany e ae— L
tions. Aild #2 Included ¢he S92 arna oo oo n Lt L T
type of the example—s0ldticns inpul oy 0o cariie . o, 7o
ordered listing was intenacd (0 Awa L0 Sariilinds . oy LT i
possibie omissions N sAlp~comdinallcr . AL 25 Nl ™ . Lo
SSL and a list of suggested 511P=conaital.One 10 SONSLG N, T ~e

suggested ship—combinations were Ghose 1ohically ~oeitva (O
complete the combinations suggested oy e example~aolationg
previously entered.

The effect of the feedback—aic.. il MeaLurea oy Lae
error-score (PC), l.e. by the probablilly of accopling & cornect
ship—combination, was not stalistically swgmificant. owever,
the effect of the aids as mecasurcd by (- rclative error-Loore
(error=score on the experiment problrni minus tne error—ucone
on the pretest problem) was found to e significant and imooriant.
Apparently, the feedback—-aids did help al least a poriior of t-e
participant population —- thec iess—tnan—supoerior porformoenrs.
Those who would perform well without tne alds were not Aoilined
by the aids. Also, it was apparent tnat variations in performance
due to the participants' innate abilities were greater tnan varia—
tions in performance due to tne fecdback—atds. 7Tihus factor,
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Plus the 0DServallon 7ol e~ 0 e norymer

w3 the alds, May accoun. ior oo o L ncant CTRecl oF 0
ailds on
score.

Crror=>5>C0re AN 170 S1LTITISGTT CHT0eD 05 rolGlive s o s s

g -y~ -~ ~ e L - - - T e - = v -
Fecdoach—/7"4.0 =5 Oy oua o Do GTIoL SoenTonen s

SGroalor dedres Uhan P F o AL EL LT L S S0t o e e L . -
logical examplo=wLola o o0 om0 ST T AAT o -
Amplo=Sowions Inpal srevisn Do Al s G e e T, e
cludad an Cro.oered T 1 0f oxX = olomnn L LTl AoV L T
Wit~ A =2, (R0 parildmarms SO0 0 UR LTI DT Dl T T A
PG are. aaentily ame o . — oo A ,
LOC PArtIS iy Wons e et e o T e T rmoL o \
CXAMPLIC=: QLLIIONG v L I T ST T T
rcasonanlo O CXDOoT R i I NIRRT Niant ,"a""l\- ST
TRAN LAl Supportoa o, A B,

Ad #3 Couia TIVe D00 Tl T TTURGLGALIOn. ;oA v e
WIETOUL INSICLUINTg T o0 S d Tor o0 0 AL T L ca e LT,
for iNstance, AL 20 Wil o e carey o0 o NS I Rt

a fow exampic=>0iu i0rns a1 oer LT LW DArLS T e
were possible next—.00w R AV Y S G T Sl Ala T TRUREN
AlSO, WNRCH NS ariidian. induicn A5 R TR o= AL Lion LT L Sonns
rained an error, Alc 205 WOLLL SCZONT T T S 0WUUIONG U0l S e
compl¢ led the error—1nducod Palier i, wor daiGe a6 AL <0 oo
thus be eitner nelpful or rarmtfil, GCroraing ON Now U170y VG LG,
When recommended Solutions are ww oo withnout careful ovila v s

b
this type of feedback—ai1a 16 potentiacly ~armiul, ¥, ~owovers, (5
display of patterns built upon o Crror INCrCASeS tNE kel U0
of the error's detection — Oy Jisplaying iis IMpact — wien Glas (oo

provide recommended solulions may Aeip Inc user Lo dotedt wrrat
errors.

Rreadth vs., Depth of Fxpoerience

The lack of a strong predictive relationship beowoeen
years—of-higher-education or ycars—of-oxpericnce and periormancae
may come as a surprisc to educalors ana directors of por .amnet
departments. This result was found 1n all of the experimani., 50
that very strong evidence is available (o ~upport the avsoeriion that
years—of-education and relevant work-cxporience are not oo pro-
dictors of problem-solving performancc.
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Additional re sait e taar A e T
NG languages Wsed on t Cr mere peca e T nd Trer e o
operating sysiems uied’ Are colter e, o Tt o RN
of computer user. /orunran T on .
Combinational Sirate o

COMDINATION e T0os s we Tt L  e :
prodicror of porformancc s L0 Ll o et e T
Experimoents T and D) et 0O LT L T st
VArianCe War oXDIRIN L T rT s mdm e ae Ty T e -~ -
MeNts 1 anda 2 oanag e AL STt s 2 AN, T
L0 COMDINATIONII=irm Ve 0 7 oy oy RO T o =
LO=NIOMEeNnt MICATUrCL L OO DTG = T L e r T
MOMUNI=TO=IMONTIONL N0 L a0 5 nrm™ 0 L Tt = st . ~ -
lated Lo pertorMmancye oG m e SOV I Le, TN UL AN T e L T T st s

sonsttivity.

~ecdback—=Alds

N Experinter D, Somuid L LTl e Al A5G T0 N
example=-solullons taal i tade . Var oo, L STl s OF L et -
combinations, TNLS CXPOrutT L Ger iGN SUrmmiiiied CalCL o o
the probability of matntauiing an im .ol ~aorrecs oxars - - T
and the produolityy of dotociing ana JOQSroSiInG an intuiail, -0 =
example-solution,

Analyses of dranc—ntean pirooamhilies of aacce ~
that the probability of mairtauning an imnally=correct soiuiior o

.93. However, there was a probadility of 60 for detecton . o,
correcting a,. erroneous exampic- . .owtion., Obviously, =c e woi-
a performance decrcemeont (0 @ 2 detection and correciics o
erroneous example-solution:.. Useful feodback —algs miam L oos
be directed toward the detection ana correction of exisiing, crrors.,
Feedback-Aids #2 and #3, which were tne same o oo
used in Experiments 3 and 4, wcre not, however, a bHenefin o
participants engaged in the rovision of oxample-zolwthions., iFonmes
an analysis using rclative measures, wnen tended to remmove e
effect of participant skill, dud not result 10 Statisticaily Caomicant
results. The conclusion, then, was (hat e strateqios used

. LR .
- . - - IO .. - . - . e 22 e ~ d
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Al e Alds L rTAce, TG Tea o T oo of meess o e
- - Yen Vo - - ~ - - . - -
Were Not neful N reve Lt anrr ey NG G rT= L e T e,
Relanvity of Ereroe o o

Sat Soen A5 e S TG TN L T Tt s o ~
N detection O vrror L A TR, ROmTer G0 e ST e
SOTUtIONS WA OUSrTae G Ty Ao A S LT Tt
dOTCTHING AN SOrraClln | § T o T T = e
fower the NUroer oF ernca ) Tr oW N S Te ST

detecting a aiven orr o,

TS result Celoaes A R -
probability (Dased on o Treaastay U enre s L eeoentd
of detecting and CoOrral inT CrrGA L WIS TS DT A T Ll

of juaging trat unj SOlLAGH 1 anSonees T, T AT ol aToNO RS

of a solutlon as deterimime i oy L Or TGy S0 S Twnslien o

1. TNe aciwsl SOrccdine. s ol aT SoiLnor
2. Tre poercciven Teenueny ta crrmT 00w - Soiuthion”

found rocently.

Thnis hypothesis, conai-tont w.o - oreaaciion of sgral detection
theory (which says tnat -0 prccaniivy,y OF S0 ovent (o a funetion

of a basec~line probabiiiy in aaaiton (o oerilic measurements

on the signal itself), predicts o decrca o, Seonantlity of detecuing
and correcting crrors witn decreaihnnT onecr=rnten,. RS moean .
that the probability of dcieoting toe 1A Do orrors may be 2o
small that it is not Likely tmat taey will oo Tound,  G3un 1t awsoe
suggests a possible solunion: .cocamns orrors (which can later

be removed if not detected) to iNncrecasc G DASE=1ING arron rate
and, thus, to increase the propadility of deteciing uniknown crror:s,

Cxperiment ©

Two types of errors were analyiad. Cne tynoe, termiodn
an "error-of-omission", referred 10 an crror that rosuliion ir o
failure to accept a correct entity {(e.g.sMn compbinauion’, W-or
specifying a problem solution with exampic—-0lutions, an orron-
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of a suttable entity i [ A A S . N RTINS P

conatdereod wars an MTore = e . C, R A T

OIS WO Lo LO e N T N oty TN - - - - ]

PRS00 COrPespondes: T T S e e e e, 1

PrOCOREROr WIS WA Ty e e S N

oxAMPle. AN crror—ol- e e . . N TR R

ATCOPHINT INCos et v

~rora=0=0Ont e ton

TOore W L e : e
SOomMpleX1ty ON Crror c=co =0T G L e B P
Specfyang prosleny el oo e, . o oy
TORTIRAN IV abross o
rror —o=C ot o

WiHon Soeme™ i e oY — L. O R S
Slud e, U0 rQte OF et = 0i-oe s : R . T, Lo
LTI L e e R AT B P T T T T S S0
Lo Ner e T R N . : . A T N T

a5 1IN EXPeriment vy, ot L T = - . e R AT
citminated, as ovidl e oL oo ST W LT
Formance diem e addat 1ot TR
]
T MG or et s Al == =

MISSION Was thNatl Spec e nl o o0y com 0 0 = Lo
to specification by prosiea oo, Ao 0 e e

W e e et
ATt

from Expertmeris T, 0, a0, e

P VA SN o N

oexample~solutions e Tantially Sena e e ror —of=corrnty L e
compared to ustng FOC AN N mran L vae, Te G0 race Toe

crrors—of-commission vt 5w e
with 18% for progran ~ouie.,

O L OTHLON S TOTPAreCG Ave Ty

of the example-solution Mmciaod Loeem plaacaole:

1. It was working with examples and dealing wath
ecach individual combination of (tem:, one=-at-a
time that resulted in a Tow rate of ecrrors—of-
commission,

*For a discussion of |inllead’s L Metric, See Gonnelly, Comaea

& Johnson, Technical fteport 81=-301, 1061,
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TRCG0 MY S0a0n Gl Pl e TTATIVe SYDoLIUSe. — Bl
could be true. We imowve 0rGin ot o Do U Te T Syl e L
1S true. I U0 SCCONG Lo tret vl D D T L P, R OOr AT T Lels IGN
And coding Metnods COwn cr Gyl Lo T on e BT

Cependent structure. AN TaNdy, 0 LTe Sl SVRI0U e e Mo
found LO DE TPUC, Pre=CO0M AL Ol eed s Cave e e e b ReG D Ve
the user's program Code e S0 en TOTYT (WOTIe Al Ganing

the same program Lot Gor Tecdoacrh 1o e e,

CONC LU UND

1. T[Fecdbacik=aiv ., 1O LupDort sl OF OXAMPieT S weiton .,
should Include the 1ogic impiied Dy the exampee -
solution: o wetll as New exam s ie=o0luailor.. ool
complote tae 1ogie patiern.. SUuGaeniea By e ORXe Ty,

set of example—solutions.

2. Feedback—ald:: consisting of an ordereoa toiin, o
all prosent soluations aluo Lapported Man Derl St o
but, the predictive aid type referred Lo above i
preferrcd. ‘

PPN e R e s, = B s e e s e . o e s a o w e m e
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. Feodoaohk—atds coeo oo L0 o smeasnT L e e s
Of DO PrOGranINICrL, (Y L UGl G e T e A O
not perform well wil 2o G H

G Performance moeasuro: i e e el e L
performance tmprover on vl D 30T 0L T
B pelatlve Mo uro ., Wit L i S e L e
between performance on G Comimon (ol 37
expertmer.al task. -

D.  The lack of a strong rolaiions Sy e cween e nr 00—
higher~cducation' ) "vear  —ol—oxneriens e s g e
formance, coupled witn (ne Srons rouy oone L
between "number of computor Tansance U eamoases o
"number of operating systoems’ e,
education and experience soodld rnol e e
tney have been in the past for Firiny, ooomme 07
Jdetermining salary lovel, anvd aapanyg oo e .
Instead, the number OF COmpulor LanGan e smeasn
and tNne nuMmber Of OPCPrATING SN0 L Ll WL
are beitter performancs Drecncior o, e e
used until the andertyang Jactor . e ice s
arce dincoveroedd.,

3. Apparently, the depts of an tiaaividual's oxcories oo
1S NOL as important (o performIance Go - b st
of his experiencc.

7. A possible cOmMmMon uNGeriyiIng OXPercnde—re, i
factor is the ability to viow probioer” - frors oot rna-
tive viewpoints, or (ne abilily Lo ddovelon alor st ive

i approaches to problem:s = an abiliy (had mi,an
enhanced with fecdback=ald:.

The performance—-prediction capainliny Gl fraie =
measurces, developed as momoeni—o—momient nhen-
surcs, not only clearly domonsiiraion (hal Sy -temadic
strategios. were used by succoe.. cul partisusanic
(wnich led to the design of the foecdnacik ata.y, ot
also convincingly demonsiraie: uiai momeni=t o=
moment Measuraes proviae the SGensiiiviey (0 ox=
plain considerable performance variance (aproxi-
mately 60% in Experimoentss 1 tiru 45,

re
(o8]
.
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Winen mmoafyes Rtal

PR, R - RN - .~ s v im ot -~ P
TAC Prooas ity (GO0Y of mrn i S iniiao -
SOPPCeTT CRAMPIeT L08R L TR Ta Ty e A 4
G R TR T B e A S R AN
example—oluivenm, R N T ATRIO U SRV
OO L W T T T T e T, XY —
COWG IO WAL GCW L, ), T CORTIO T e
shoul s Do doeve it e e L LT el ot
COPrPCCTIon O oxXL Lt s s,
The pronaciiioy OF Clelen tung g o e et A
CrPrONCOEY ORI L= 0L 0T e e e e

INHLAL MOMmDer OF orrGino CRANT LT 0 on Wt
-

decreascd. THe Yower e L GLAL Dot oo, GF 0 s ens

. LN 3 - - . . - - - -
L0 1O v WA 10 LI i OO, G0 el T e L re i s

THIS SaadGests E3al a metoon 7or s ras s,
probanility of delecting orrorns 1o LG LCig orran
unknown L0 the individual ~eviewins G oxamole-—
solutions (Or COMDULeT PrOLEaENTY Dl Ol ey,
rOCoOraedd, LO INCrear ¢ UNe ot el P G cne e
detection ana inerelore (o Increase LOe roo 1 le Yy
of detociing an unknown urror,

Software Crror—Cale oricn are WISy Gorined
only to facilitate data CoL el LIOn GG Ood rmanny.,
Fiowever, analy: i of L oliware crrors L aowed
that witen an erras Caleaormy was Giocomponed into
sub—calcqorion e NGepomoe it vartablos in e
prediction cauations cranagea. o s concluded,
thereforo, hat efllware crror-caionories should
be selected withh reqard ro preaictabdility as well as
to data collectaonility. 7Two sub—categorics should
be combincd only wihen tcir prediction equations
are homologous, 1.c. have the same independent
variables.

The supcerior performanco fower errors-~of-com-—
missi1on) achioved wihen v ang example=s.otution:.
and inductive procesasing to specify problem solu=-
tions over the performance achieved when using
FORTRAN IV codc nmay provide a basis for
determining thc underlying iechanism for that
success and a means for incorporating that

11
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L.other fooe WO T U TOr TG VLY, o
e ORI ION LTS e o Do e proseant o v en!
Toaie.,

RECOMMENOOATICONS 1| R FURTHIHZR RESEARCH!

1. Tihe stralcgy=muasurcs used to analy.e FORTRAN iV
wore not Niomaeni—io—momont nheasures.  instead,
they were a classiiication of types of possible
straiogles. e prodictive power of the measures
was only moderate compared to those used to
evaluate performance in doveloping example-solu-
tions. It s suggestod tnat moment=to-momeoent
strategy-measures be developed for both program-—
design and program-codc tasks.

2. Feedback-aiwd: desiagned to support development of
original example=solutions were not found applicable
to the rovision of erronceous example-solution:..
Since use of example—solutions 15 a viabic way to
specify problem solutions in itself, and roveat:s
ways of improving program design and codde
successful revision—-strategies should bo whentified,
and revision—aius should be dertved from those
strategles.

3. The "number of programming languages' known
and the "number of operating systems" used have
bean shown to be good prodictors of performance
both in developing example-solutions and tn writing
program code. It 1s also suggested that tne ability
to develop alternative approacncs may De a cnmmon

12
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factor whnich may be encance s by learminyg new

languadges and operating Voo o, (Bt WS Mty
T R TR TR S AR L e

be a key porformance=iaction,
factor or factors reculting o e rior v rlorm sy s
should Le deterMmiIned Lo a Ll I pere N R ¢ 1

and design of timprov o Gud.,

T s SugGestod Ral wrror=aoies 1T L N e T ey
Le a function of a hasc=11ne crror— o TSI
and therofore LRal ccadiy oo mame m eSO T 0
iNndividual crecking G el PTO TS L

probability of aeteoctins, ot caocddec o near.s T
(‘(7(\](‘("(\”’\‘ IS U P T AU R AP A [N
Lot to deiormimme oo e e s L

and, 1f 5o, wihatl froquency g cvne of oo e sor,
should be used.

The basis for Luperior So=lemmmins e Wl OXANT -
solutions necds Lo De P Olve a, T e conenL of
writing program code for nos commoination of
factors (or (he use ol ar Lo Lo adiortancally
analyze logic to help doveiop accurale combination-
independent logic) and tne concent of coao rana—
formation into a diffcrent emical Tormr for Toadback
to the user for approval neod (o be contrasted 1n

an experimental cnvirornment. Tnere s a potential
here for substantially increoasing tne corrcctness of
computer programs if an aid can be developed o
permit transfer of e supertor, almost orror-
free performance witnh example-solutions to code—
writing performancoe.

Independent of the methods for improving perfor-
mance in writing progrant code suggaoested in
Recommendation 5, a now ald design should boe
considered that combine:s aeneral statements

written in program code with redundant example
solutions =—- 1.c. with example-solulions that arce
not part of a program tost, but, instead, that are
inductively transformeoed into an alternative codce.,

A pre-compiler aic. rould produce actual code from
both sources, Potential performance=-1mprovement
could provide high-quality, almost crror—-frece codc,
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